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COMEPESSIVE STHENGTH OF FLAT PANELS WITH
Z~-SECTION STIFFENIRS
By Carl A. Rosemecn, Leonard M. Bartone

and Charles V. Dobrowski

SUMMARY

Compression tests were nade on several seriec of
flat panels with Z-section stifieners, in which relative
Gimoensicas were varioed Individuslly. The test data
vresonted alow the sffect of each dimension ratio on the
buskling ztress for the sheetv and on the average stress
&t maximmue load.

INTROLUCTICY

Several sarlies of compression tests have been made
on vanels with Z-section stiflfeners formed from flat
gheet (sse fig. 1) to show the importance of relative
dimensions in determining tle streungth of the panels.
Trs averare comupressive stiresses &t marimum load and
tr2 buctiine sSresses for the sheet obtained in the in-
vesticatlon are presented in this report, which is an
exteinsicn of reference 1 and which superssdes thic
refercince.

SYIBOLI
¥ wldth of attackment flange
by wldtbh of outstending flange
bg spacing of stiffeners

bV wldth of wed

Ty thickness of stiffener
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tg thickness of sheet

Ta radius of bend between web‘and attachment flange
TR radius of bend between web and outstanding flange
L length

c end-fixity coefficient in Buler column formula
Oor buckling stress of sheet

Omax average stress in panel at maximm load

TEST SP=CINMCIHS

The specimens used in the tests were constructed of
24S.-T aluminum alloy with the grain in both sheet and
stiffeners parallel to the longitudinal axis of the stiff-
enesgy - Longitudinal stress-straln curves representa-
tive of the group of specimens for which the ratio
ty/ts was 0.51 are presented in figure 2. Inasmuch as

the investigation of which these tests are a part 1s
still in progress, a complete set of stress-strain curves
1s not yet avalilable.

The stiffeners for all panels were formed from sheet
material 0,064 inch thick. From the value ty = 0.064,

the actual dimensions of any panel can be determined
from the dimenslion ratios subsequently presented herein.
A knowledge of the actual dimensions 1s not necessary,
however, because the stresses that can he carried are
established by the relative dimensions of a panel.

The stiffeners were attached to the sheet with
machine-countersunk flush rivets driven by an NACA flush-
riveting procedure. These rivets consisted of ordinary
flat-head rivets inserted from the stiffener slda of the
Joint, the countersunk heads being formed in the driving
process, A flush-rivet milling tool of the type de-~
scribed in reference 2 was used to remove the portion of
the formed countersunk head that protruded above the
sheet surface after driving. The rivets in each stiffi-
éner were driven in a single operation on a Cincinnati
press brake as shown iIn figure 3. Machine-countersunk
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rivets of thls tyre have been found to be tighter than
the conventional flush rivets. (See reference 3.) A
number of tests were mnade to ohtaln a comparison between
conventional round-head rivers and this new type of rivet
whea it 1s emplored in the construction of stiffened
peanels. The results of these tests may be obtained from
reference 1. The concluslon was that the new type of
rivet is as strong as or stronzer than conventionsal
round~head rivets used for attaching stiffeners to the
sheet within the range of proporiilons included in these
tests.

In all panels, the rivets were Al178-T aluminum
alloy. The included angle of the countersunk head was
60° and.the depth of countersink was three-fourths of
the sheet thickmess. The rivet spacings and rivet
Giameters used in the test penels are given in terrs of
the shset thickness in the following teble:

tL  |Rivet spacing | Rivet dianeter
ta Tg; ts
0,51 10.0 1.50
<63 12.3 1.84
.79 12.3 1.56
1.00 11.7 1.95

{[ETFOD OF TESTING

The specimens were tested with flst ends in the
1,200,000~pound-capacity testing machine in the NACA
structures research laboratory in the manner shovm in
firure 4. The aeccuracy of load measurement for
this machine was vithin one-half of 1 percent, The
ends of the specimens vere ground flat and parallel in
a8 planer especially adspted for this purpose, and the
method of alinement of the spocimens in the testing
mechine was such as to maintain this flatness and
rarallelism of the ends.
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RESULYS AlID CONCLUSIONS

Because stresses ars established by the relative
rether than ths absoluté dimensions of the specimens,
the results are presented in nondimensional form.
Figures 5 to 8 and tebles I to IV present test data that
have been reduced to take into account the end fixity
that existed in the tests. The fixity coefficient for
similar specimens tested in the sesme testing machlne has
been found to be about 3.75, and that value was used in
the reductlion of the data. Two scales are given for the
absciasas in figures 5 to 8 - one for a fixity coeffi-
cient ¢ =1, and the other for ¢ = 1l.5.

The data are adjusted to give stresses for panels
that are sufficiently wide to be conridered as having
an equal number of stiffeners and bays. This adjust-
ment was made, in the calculations of average stress at
maximum load, b7 subtraciing from the total area and the
total load the area and the lcad for one stiffener; the
load in a stiffener was obsaincd by extrapolation of the
load-strain curve for tihe stifrlfener. The adjustment
was In every case less than 4 percent of the stress.

The sheet-buckling load was obtained from the load-
strain curve for the sheet and was taken to correspond
to the point at which the compressive straln on one
slde of the sneet began to be recduced with Increasing
load. No correction for the number of stiffeners and
bays was mada in the calculation of buckling stress
because the stress was assumed to be uniform untll
buckling occurred. The values of sheet-buckling stress
glven in figures 5 to 8 are the averages of the values
shown for corresponding groups of panels in tables I to
Iv. p

The important feature of tables I to IV and fig-
ures 5 to 8 is the presentation of the actual data, be-~
cause these data enable the designer to study the effect
of vearious dimension ratios on the average stress at
maximum load and on the buckling stress for the sheeat-
stiffener combination.

The following conclusions as to the effect of each
dimension ratio on the average stress at maximum load
and on the buckling stress can be drewn from the data




shown 1n the figures and tables, i1f it is assumed in each
case that the other ratlos are held constant. -

1. ,The specirens having Z-sectlon stiffeners with
bp/ow = b.2 develcped less compressive stress at maxlimum

load than those with bp/by = 0.3, 0.4, or 0.5. Little
change 1s noted 1n the average stress for the values of
tp/by above 0.3. Changes in the ratio bp/by have no

apparent effect o the bucklling stress of the sheet.

2, The average stress at meximum load and the
buckling stress of the sheet decrease wlith increasing
values of the ratilo bs/ts.

3. The average stress et maximum load decreasés
with increasing values cf the ratio L/bw over the

range of values used, The tabuleted data reveal no ap-
parent effsct ol the ratlo L/bw on the buckling stress

of the sheet over this ransre.

4, The average stress at maximum lcad increases
with increasing values of the ratlo ty/tg. although

the sheet-buckling stresses for panels with tW/tS = 1.00

were higher than for corresponding grouns of panels with
tw/ts = 0.81, the differencs 1s not large &and trere ap-

pears to be mno consistent trend over tihe range of
values of ty/tq investigated.

5. Changes in the ratlo by/ty have little ap-

parenrt effect on elther the average stress at maximum
load or the buckling stress of the sheet.

Soms of the foregolng conclusions have been known
to aircraft desigrers, but numerical velues have not
been avallable io establish the optlimum pronortions in
a piven deslign problem. Thils serles of tests wes made
to suoply soms numerlcal data.

Langley Yemorial Asronautical Taboratory,
Katlonal Advisory Cormittee for Aeronautics,
Langiey Flold, Va.
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Figure I.- Cross section of a test panel.
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Figure 2.- Representative compression stress-strain curves for test panels with twy/ts=0.51.
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Table I ) NACA
TABLE I.- TEST DATA FOR PANELS WITH ty/tg = 0.51
‘ [e=1]
b .
== 35 50 75
- ‘g ,
bp L Ocr | %max L 9er max L %r | °max by,
by by | (ksi) | (ksi) by | (ksi) | (ksi)] .| By J(xsi) |(ksi)] Ty
5.4 | —=-w- 29.9 4.8 {16.8 | 24,7 4.0 |v=me- 19.8
5.2 9.5 | weue= 30.1 8.4 [16.7 22,3 Te3 | 7.0 18,4
* 13,5 | wwmw= 26.1 11,9 {=====- 20.4 10.4 | 6.4 16.0
1807 ----- 15.4 1608 ““““ 1209 14"7 702 1200
5.7 | o= 31.5 5.1 {17.1 26.2 4,] jemwe= 22.4
p 3 10,1 | ==w== | 30.6 9.0 }16.,6 | 24,0 78 | 74 18.4
* 14,7 | mww=- 25.6 12,9 117.6 21.9 11.2 7.1 16,5
20.2 --’-f 14.9 1801 ----- 1500 15.5 '794 12.2
660 | memea 31.2 5.5 117.4 26.7 4,6 8.7 20,5 20
0.4 10.8 | «~www 31.2 9.6 [17.0 | 25.1 8e¢3 | 7.6 19.2
15.1 | mmwee 25.8 13.6 §117.0 | 21.2 11.8 § 6.9 16.7
2led | wownw 15.2 192 jemeee 14.6 16.4 77 12,0
6.4 | 30.4 31.4 §.7 {17.7 26.3 5.0 763 2l.2
0.5l [11.2 | ==enu 30.3] [10.1 |17.1 |23.7]| | 8.8 | 7.6 |18.6
15,9 | === 26 .4 14.3 }16.9 21.1 12,5 | 7.0 | 17.2
2246 | w-v-v | 13.4| [20.2 |-u--- 15.0 | {16.5 | 7.0 [13.3
5.8 ----- 30.2 5‘2 \1601 24.2 4.4 9.0 18.7
o.2| (102 [=---={27.9) | 9.1|16.3 {21.6{ | 7.6 | 7.6 |16.0
° 14,4 | creaw 25.1 12.9 | 16.1 ' | 19.7 11.2 7,0 {15.2
20.0 | =euee 14.6) }18.1 ) cmee- 12.2] |15.4 | 6.9 |11.2
6.2 | 30,3 | 32.5 503 | mem== | 25,2 4,9 | 7.4 |21.0
0.3 10,5 | === | 31.7 9.8 | 17.2 24.7 Bed | 7.3 18,6
¢ 15,5 | emwe== 26.6 13.8 |17.6 | 20.8 11.9 | 7.7 16.5
2le4 | w=wwee}| 16.8 195 | e~==w 15.2 1666 |wwwmwe | 13.7 o5
6e5 | momcema 30.9) -] 8.7 }16.9 | 25.9 5.1 ] 6.5 21,0
0.4 11,5 | wmw=e | 31.2 10,2 | 16.2 24.0 8.8 | 7.6 19.4
- 16,5 | wmwwem- 26.9 14.5 |17.9 | 22.2 12,5 7.8 17.5
23.4 ‘‘‘‘ 1504 2200 -‘f""" 1306 1802 702 1202
6.9 - w e 32.3 6.2 1601 2605 5.4 704 20.9
o0.5] [12.8 | ~===~ | 31.4} |10.6 [16.7 [24.9] | 9.4 | 7.5 |19.4
* 17,0 | ==~== | 27.0 15.4 | 17.5 | 22.8 13.5 | 7.8 | 17.6
23.7 hnthatasbendad 1404 21.3 hadt et 1509 1806 802 1208
6.1 | wee==} 29,9 6.5 ]16.3 |23.2 4.8 | 6.9 19.4
0.2 1006 - e e aa 2608 906 1608 2169 8.4 701 ‘1707
15.2 | mewm 24,1 13,7 | e==e- 18.4 11.4 | 7.2 15.0
21,2 | wmwwe] 16,0 1963 | === 13.6 18,6 7.0 11.3
: 6.4 | 30,5 | 31.4! | 8.9}17.3 |25.6 501 | 7.4 | 20.0
0.3 [11.3 | =-~=< | 30.7| ] 10.2|17.6 | 24.3 9,0 | 7.3 | 18.9]
16,2 | we=ea | 27,0 14.6 § 17.6 22.6 12,8 | 7.3 16.4
22,8 | ~ece== 16.8 20,1 | ====- 15.7 17.6 § 7.6 | 13.6 30
6:9 | ~==-=| 30.7 8,2 | 16.2 | 25.0 5,3 | 8.8 |19.2
0.4} | 119 | ===~} 31.0 10,91 17.0 | 23.8 9.6 7.6 19.8
16.9 -»man e 27.5 1504 1707 2206 13.5 702 1707
23-8 ™o 17.4 21@6 - 16.4 1898 708 1304
TeR | wo=ea | 31.1 6,51 16.7 {25.5 5.8 | 7.8 | 20.6
0 5 1102 ..... 30.5 1105 1608 2404 ;1000 80'7 }908
* 1709 ----- 2795 1600 1609 2300 1403 702 1700
25,2 | ~wmw= 17.5 2203 | ==—== | 16,5} 20,1 7.4 13.2

'

bbh-7



Ry

i
L |
b NACA Fig. 5
iy b
i tJ— 35 50 75
\? - LUs
- , Du
i @ | —B W
| & E
: 5 0 I L 20
e g dﬂ dr_-.i:\ 2
: O 1 @
I -~ 10
_8 ]
) S o
|
| £
g 30
‘> r@ I~
S ] Es &
€ 2 &
o || T S 25
+=2 % . I~
o O ‘
10
0 T
)
Q o
4
[73)
Q 30 ==
o NI
S i BREL:
N 5 —@@
g o | p L & | 30
10 4 | IO“ —
--1-«Buckling _|
o of .Sh?et.
0 10 20 30 0 0 20 30 0 10 20 30
—tl?wforc=l
I TR O B N TR ST TR U N A N A B
O 10 20 30 400 10 20 30 40 10 20 30 40
—Ib-w—-for c=1.5 bﬁ/ -
o!
o .3
A 4
o 5

Figure 5- Strength of test panels with Z-section
stiffeners, tw/ts=0.51 (ba/tyw11.4, 14 /tw =3, 5/ tw=4).




Table 11 .
' TABLE II.- TEST DATA FOR PANELS WITH ty/ts = 0.63
=13
bg
%§.= 35 _ 50 75
bp L O¢r | Omax L O¢r | %max L O%r |%max
Pw! | By | (ks1) | (ksi) bw | (ksi) | (ks1) by | (ks1) | (ks1)
6.1 | cevcena 3246 5.4 | 17.4 26.0 4.8 8.9 20.4
0.2 10,7 | cew=- 30.3 9.6 | 15.6 23.6 8.4 8.2 20.2
* 15,2 | =mmm= 25.7 13.9 {16.8 }20.1 12,1 6.2 15.8
21,3 | cwca=| 14.3 193 | emwew 14.5 18.9 6.9 12.0
6.5 29.4 5200 5.9 1509 28.2 5.1 ‘‘‘‘‘ 22.0
11.5 | === 32.8 10.3 | 16.0 25.0 8.9 6.9 20.2
0.3} |16.2 | ===== 25.4 14.7 }17.1 |21.8 13.0 | 8.0 }1s.8
22,5 | ===== 15.6 20k | wo=mm 15.1 18.0 7.6 13.0
6,9 | wme== 33.5 643 | wemwe | 28.3 5.5 7.8 22,7
0.4 12,1 | ee==a 34.0 11,1 | s=w=e 25.8 Pe6 | wnmuae | 21.3
* 165 | =w=== ] 28.3 15.5 {16.5 22.2 13.8 7.3 17.2
24,3 | =====115.4 2le8 | cvu=w 14.5 19.2 7.7 12.5
7_01 29.7 33.5 6.5 16.3 27.4 506 Eadhadeadidd 22.4
o 5 12.4 """" 3200 11.3 15.8 25.5 10.0 6.9 20.5
* 17.8 | ew==a 29.4 16.3 |16.8 22.9 14.4 7.0 18,5
24,6 | ~=w== 17.7 22 =====116.3 | 12051 7.7 9
7el | wacaas 31.7 6.7 | 15.7 25.5 6.1 7.3 20.9
0.2 12,4 | ~ee== 29.0 11.7 | 16.8 | 22.7 l10.6 7.8 17.8
¢ 1749 | cow== 23.1 16.8 | memw= 20.2 15.5 7.5 14.1
25.1 ..... 1306 23.5 hadd e d 11.9 21.2 7.7 10.0
7.6 )] ccnea 33.1 7.1}18.0 |27.4 6.5 | 7.9 22.7
0.3 13,3 | mcwwa 2.4 12.4 | 16.6 25.0 1l.4 73 19.2
* 19,2 | me=a- 24.7 17.8 | 15.8 | 20.6 18,3 8.2 15.6
26,5 | ===== 14.4 2508 """" 13.8 ik --—-- meome
8.0} cme=e 33.8 7.5]15.5 28.0 6.9 7.9 22.1
o 4 14.0 ----- 32.4 13.4 16.4 25.0 11.9 709 19.8
¢ 20.0 °°°°° 26.1 18.8 ---- 20.4 17.1 7.9 16.4
2’705 """ 15.1 26.0 ----- 13.5 2‘.2 B.O 11-3
7.5 129.7 2.5 6.9 | 16.9 28.0 6.2 8.1 22.7
0.5 13,1 | ~w=== 30.9 12.2 | 16.1 26.2 10.86 73 20.9
¢ 18,5 | =-=--=] 28,2 17.2 ] 16.8 | 23.0 15.5 7.1 18.1
25,9 | e====-| 17.4 235 | === | 17.2 21.5 7.4 13,8
6.6 ]| 29.6 31.2 6.2 | =~v=== | 24.9 S.4 7.4 19.9
o 2 11‘4 - - = - 27-3 10.6 16-0 22,.2 90‘ 6.9 1703
* 16.5 | =====| 23.5 15.4 | 17.0 20.3 13.8 8.1 16.9
22,8 | mewma 16.9 2led | ===== [ 15.2 19.0 7.6 13.1
Tl | ecmew 30.7 6.8} 16.4 26.1 5¢8 | =mw=a | 20,6
0.3 12,3 | we=v== 29.9 11.4 ] 16.2 24,9 10.2 7.2 19.6
* 17.6 | <==-- 27.9 18.1|16.0 |22.9 14.5 | 7.6 | 18.6
24,2 | wom== 17.9 22.8 | ===~ 16.3 20.4 7.8 13.8
7.4 ----- 30-7 6.8 1603 25.8 6.2 8.4 2102
0.4 12,9 ]| ew==-] 31.4 12,0} 17.8 26.9 10.8 75 21.0
* 18,1 | www== 28.1 16.9 | 16.6. | 23.2 15.3 8,0 18.8
25.4 | wen-a 18.5 23,8 | === 16.2 21.4 7.9 14.1
7.8] emew= 30.4 7.2 ]16.1 26.2 6.5 6.4 21,0
0 13.7 | eo==w 29.1 12,7} 15.8 | 24.0 11.4 8.3 20.2
51 119.5] cuu-- 7.6 | |is.1|15.4 [22.3| 16,5 [-=e-- 18.0
27.0 | ===-= 18.0 25,0} «vw=m 7.1 22,6 7:0 13142 |
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Figure 6.- Strength of test panels with Z-section

stiffene rs, tw/ts = 0.63 (bA/tw=|09, rA/t\v=3, rF/tw=4).




Table III : NACA
TABLE III.- TEST DATA FOR,PANELS VITH tw/ts = 0.79

[¢ = 1]
bs
= 386 50 75
s 4
bp || L Ocr | “max L %r | ‘max L %r | "max by
| by || by | (kai) | (ksi) by | (ksi) | (ksi) by [(ksi) | (ksi)] ty
606 ----- 54 1 6.2 1807 2609 5.6 704 21‘5
o.2 | [11.6 ] =-==- 31.8| |10.8| 18.8 | 24.1| | 9.8 | 7.9 | 19.8
16,7 | =~===- 27 .7 15.5| 17.5 21.5 14.1 8.4 16.1
23.0 | w~w==- 16.9 2l.5f ==-~~ 16.3 19.6 8.3 12.6
TO| wwm=v 34,5 665} =ww-e- 28.7 5.9 9.6 22.9
0 3 12.5 ----- 34.4 11.5 20.5 27.2 10.2 8.7 21.7
* 17.9 | «==>-- 26.9 16.5| 18.9 23.4 14.6 8.8 17.4
253 | =wmm- 16.5 22,7 ===w- 16.2 20.7 9.6 12.7 50
7.4 |27.4 35.7 6.9 16.9 29.6 6.2 9.7 24,7
o 4 1502 ---- 34.6 1201 19.0 27.2 10.8 9.1 2301
* 18.7 | cme~= 29.7 17.3 | 18.7 23.2 15.2 8.6 20.4
25,8 | =wew- 16.8 24.,5| =~-~- 16.4 21.7 8.7 14.2
Teb | mwmem= 34.8 7.2} 17.6 29.7 6.6 8.2 24.2
0.5 13.3 | 31.6 33.7 12.3 | 18.8 28.5 11.3 9.3 22.3
18.9 | 26.1 27.7 18.0 | 18.7 23.1 18.3 8.0 19.4
2646 | ===== 17.6 24,5 | -~~~ 16.4 22.5 8.4 13.3
‘7.1 ---- 32'8 6.7 17-2 28.4 6.1 8.8 21.3
0.2 12,5 | =ww== 29.7 11.7 | 18.2 24.3 10.6 7.9 18.7
* 18-0 ----- 25.’7 16-8 ‘‘‘‘‘ 22.8 1502 9.2 16.6
24.9 | ==mem- 16.2 23,4 | ==~~- 15.9 2.2 8.7 13.3
7.6 ] 28.3 37.0 Tel | =meme 28.9 6e5 [~=w=~ | 23.6
0.3 13.3 | wwn=- 32.6 12,3 | == =~= 28.2 11.3 9.4 22.2
® 1807 ----- 28.2 17.9 1706 24.4 16.2 806 19.3
6.0 | === 17.6 4.8 -~~~ 16.9 22.6 9.2 13.8
25
8.0 ] ~===~ 35.2 7.5 114.4 29.2 6.8 }10.1 24.4
0.4 13.9 | =====- 333 13.2 | 18.6 27.8 12.0 7.9 22.6
¢ 20,3 | ==v-== 29.3 18.7 | ==~~~ 23.3 17.2 9.1 19.5
27.4 | ~==-- 17.1 25.8 | ~-==- 17.0 23.8 8.2 13.4
T7e9Q )| === 33.2 7.5 |18.5 28.5 6.9 8.8 23.6
0.5 | |13.9 | ==-=- 33.81 | 13,3 | ~---= 27.4. |11.8 |-=--- 22.9
19,8 ====- 27.9 18.8 | 17.4 23.5 17.0 7.9 19.9
27,5 | ==wm=- 17.7 26,7 | ====- 17.2 24.0 8.2 14.2
Tl | ==emm 32.0 6.8} 19.2 25.3 [ 6.3 9.0 20.8
0.2 12,6 | ~=e=-= 27.7 11.9 | 20.1 22.7 10.9 8.6 17.8
* 18.0 | =vw-- 23.6 16,6 | ===~ 20.2 15,7 8.8 16.3
25.4 | ~=o-~ 17.3 24,1 | ~+=-=- {17.3 21.8 8.9 13.7
7.6128.4 35.8 7.7 | 19.1 27.8 6.6 8.9 22.9
0.3 13.5 | ====-- 32.0 12.8 | 19.5 26.6 11.7 8.5 | 22.3
¢ 19.1 | ~==ww 28.5] 18.1 } 19.1 23.6 16.5 | B.5 19.2
26.5 ----- 1806 2504 ----- 17 6 23.2 7.9 1404
30
8.1 ---- 32.5 7.6 1806 27.6 ‘7‘1 goo 23'6
0.4 14.0 ] ==--- 31.7 13.3 | 20.1 26.8 12.5 9.0 21.6
20.1 | ===~~~ 28.2 19,3 {18.4 22,6 17.8 8.8 19.7
278§ ==e=u- 7.5 2645 | =-=~~ 7.2 25.1 8.9 14.0
8.0 ~owv= 31.2 7.8 |17.9 }26.9 7.2 8.1 22.5
o 5 14.1 ---- 30-2 15.6 ----- 25.0 1207 808 20.9
* 20.2 ) -=--~ 26,5 19.5 | ==w~- 23.7 17.8 8.8 18.9
28.6 | ---=~=~ 17.1 7.4 | =-==-- 16.8 25.4 8.1 l14.8
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Figure 7- Strength of test panels with Z-section
Stiffeners, tw/ts '0-79 (bA-/twgg.B, rA/t.W'3. rp/tw'4).
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TABLE IV.- TEST DATA FOR PANELS WITH ty/tg = 1.00

fo = 17 '
bg '
= = 35 50 75
'S
L %r | %max L 9¢r | max L .| %r |%max{ Dbw
By . | (ks1) | (ksi) by | (ksi) | (ksl) by | (ks1) | (ks1) Ty
T7e2 | memma 33.8 6.8 |19.5 27.6 6.3 8.3 | 22,2
12,7 | =====] 30.4 12.1 | 19.7 26.9 10.9 9.2 19.9
1801 bdad el 4 2607 1”.1 20.6 22.3 15.6 9.0 17.4
25.3 ----- 16.8 24.0 - e 1600 21.6 9.1 13-7
7e6 | momee | 36.3 7.2 |18.3 30.2 7.3 8.6 | 24.0
13.1 | === 32.8 12.4 | 18.4 27.8 11,5 | 7.7 | 23.2
18,9 | ==oa- 26.8 17.7 | 18.6 23.2 16.4 8.6 18.3
24,8 | =====| 17.6 25.4 | ==--= ] 18.5 23.2 8.6 14.6
20
7.9 hadedndedid 36.7 7.4 18-8 31.6 7.0 9.7 25.9
13,7 | ===== ] 33.7 12,9 1 18.0 | 29.1 12,3 8.4 |23.8
19.6 | === 27.3 18.8 | 17.5 | 24.1 17.5 8.3 | 20.1
26,4 | ~==== | 17.5 25,8 | =~-== | 16,7 24.6 8.9 14.3
8.3 | 33.0 36.1 8,0 | 20,0 32.0 7.2 9.0 26.1
14.2 | 32.2 34,1 13.8 } 19.0 28.2 12,9 8.5 24,7
20.4 | -==~--~ 28.0 19.5 | 17,6 23.2 18.3 8.7 20.2
28-5 - - - 17.2 27.1 hadedhadaliad 1605 2505 902 14.8
Teg | ecmw== 31.6 7.2 {20,989 | 26.9 6.7 8.9 21,8
12,9 | ===== | 26.8 12,8 [19.6 | 24.6 11.56 8.9 18,8
19.1 | ===~ 22.9 18,2 | =-w=-- 21.2 16,8 9.1 18.0
2641 | ===w= | 17.3 24.7 | ~~~-= | 16.7 25.4 8.9 |13.7
7e8 | me=e= | 33.5 T.4 |19.2 29.6 7.1 9.2 |24.2
13,9 | ===== 31.7 13.0 119.4 |} R27.1 12,0 8.2 22.4
193 | ===~ 27.3 18.5 {18.6 24,3 17 .4 8.3 20,7
26.9 | e==== 18.1 26,0 | w=ve= 117.2 24 .4 9.2 14.7
8.1 |----= | 36.4| | 7.8 |18.4 |31.0| | 7.2 | 7.5 |e2s.8] 2°
13,8 | ===== 31.8 13.7 119.9 |27.7 12,5 8.8 |24.1
20,0 | we=== | 28.7 19.1 |~=ve= | 24.5 18.2 8.3 21.1
27.1 | w==== | 16.4 275 | w=w==]18.0 2446 |==w== {143
8.3 | 32.7 3543 8.1 |19.5 |30.8 77 8.6 |25.5
14.6 | 31.6 33.1 14.1 |20.1 {27.9 13.3 | 9.3 |23.9
20.6 | m==mae | 25,3 19.9 |20.1 |23.9 19.1 | 8.8 |21.5
28.7 | w=-== } 16.8 28¢5 | e=w== 117.5 26.3 9.5 14.1
7e6 | mmme= | 29,7 7e3 | ===== ]26.0 6.9 8.8 21.3
13.2 | ===-= | 25.5 128 | ~=e~w- 121.7 11.9 | 8.9 18.7
18,7 | »==w= | 21.7 18,2 | ===-= | 19.9 17.1 | 8.9 |16.1
26.4 | m=-~-=- | 16.8 25,2 | ~=~-- ]15.8 23.4 110.0 14.1
8.0 | =e=ea | 33.1 7e8 |==eea |28.2 7.4 8,6 23.9
14.0 | ==~~~ | 29.4 13,4 |~=~~=- [25.9 12.7 8.6 |21.6
199 | === | 23.6 193 |~==w= 1 23,3 18.3 8.6 19,6
28.0 } «==~~ | 15,0 26,6 |v-nn- 16.6 25.8 8.6 14.5 30
8.4 |32.4 33.3 8.2 {18.9 29.0 7¢6 8.0 24.2
14.4 | ===~ | 31.6 14.0 {17.8 |27.56 13.4 8.8 }|22.8
20.8 | ===v= | 23.8 20,2 |~=~=~- |21.8 19.1 8.5 20.8
28,9 | ewnna 15.1 28,4 |===-~ }16.6 26,6 8.4 14.8
85 | ===~ 32.7 8.3 }20.0 [28.1 8.1 9.5 |24.0
14.8 - - - 3001 14.” 19.5 26.3 1400 8.8 22.4
21.2 { w==== |1 26.0 20,8 |=-~== 22,7 19.8 | 9.3 20,2
29.4 jo=en- 13.5 28¢5 |e~ee= }16.1 277 8.4 }t;ii
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Figure 8.- Strength of test panels with Z-section
stiffeners, ty/ts=1.00 (b Aw =8.6, ra/tw=3. rp/tw=4).
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